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This  study  vaa  sponsored  by  the  Aerodynamics  and  Hydrodynamics 

Branch  of  the  Airframe  Design  Division,  Bureau  of  Naval  Weapons,  Department 

% 

of  the  Navyr  under  Contract  NOw  6X-0197“t,  Task  Order  Ho.  62-1.  Contained 
in  this  report  is  a  method  for  estimating  the  catapult  performance  of  a 
carrier-based  airplane.  The  technical  monitor  has  teen  Mr.  R.  E.  Jaquig . 
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ABSTRACT 

A  simplified  method  for  predicting  the  catapult  performance  of 
a  carrier-baaed  airplane  has  been  developed  under  Contract  No.  HOv  62 -0.197 -t,. 
Task  Order  No.  62 -1;  for  the  Bureau  of  Naval  Weapons .  The  mfethod  consists 
of  tvo  parts;  (a)  the  determination  of  airplane  position  at  the  end  of  the 
catapult  power  stroke  and  (b)  the  determination  of  the  motion  of  the 
airplane  subsequent  to  leaving  the  catapult.  The  method  in  oriented 
toward  use  of  a  small  digital  computer;  however,  the  calculations  could  be 
performed  with  only  the  use  of  a  desk  calculator. 
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INTRODUCTION 

ffiie  necessity  for  c  e coxier  oasen  is  1~  launched  from  the 

carrier  deck  defines  a  major  requirement  for  the  airplane.  This  is  a  very 
complex  requirement  -which  affects  the  entire  airplane  design.  Die  assessment 
of  the  capability  of  a  particular  airplane  design  to  perform  this  maneuver 
in  an  acc-jptahlo  manner  is  not  a  simple  task.  Although  there  are  numerous 
effects  with  which  the  airplane  catapulting  capability  can  be  measured,  one 
of  ibsiaajor  aspects  of  a  launch  that  constitutes  a  useful  basis  for  measurement 
is  the  tendency  of  the  airplane  to  sink  over  the  how  of  the  carrier  after 
leaving  the  carrier  deck.  A  short,  easy-to-use  method  for  determining  the  amount 
of  sink  ovar  the  how  would  he  of  great  assistance  in  assessing  the  catapulting 
capability  of  a  new  airplane  design.  Consequently,  a  research  and  development 
program  was  instituted  under  reference  (a)  for  the  purpose  of  developing  a 
simplified  method  of  assessing  catapult  performance,  as  outlined  in  reference  (b). 

This  program  has  resulted  in  the  development  of  a  set  of  sisplified 
equations  of  motion  that  can  he  used  to  determine  the  motion  of  the  airplane 
subsequent  to  the  end  of  the  catapult  power  stroke,  and  of  an  iteration 
procedure  for  determining  the  airplane  displacement  and  rate  conditions  at  the 
end  of  the  catapult  power-stroke,  which  become  the  initial  conditions  for  the 
equations  of  motion.  A  procedure  for  determining  the  catapult  force  is  presented 
as  a  part  of  the  iteration  procedure. 

The  equations  of  motion  were  originally  written  in  the  gro’ind  reference 
system,  but  this  was  subsequently  changed  to  the  wind  axis  system,  since  most 
of  the  solution  time  occurs  after  the  airplane  leaves  the  deck.  Provisions 
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are  made,  however,  for  maintaining  the  location  of  the  aircraft  in  the  ground 
reference  system. 

In  this  simplified  mathematical  model  the  rigid  landing  gears  are  represented 
by  non-linear  tire  springs  and  shock  strut  air  springs.  5he  unsprung  masses 
of  the  gears  are  considered  to  be  massless  and  hence  do  not  appear  in  the 
equations.  Since  the  hydraulic  metering  characteristics  of  the  shock  struts 
may  not  always  be  available  for  this  analysis,  this  dancing  function  has  been 
eliminated  from  the  model.  However,  since  the  extension  daubing  forces  in  the 
landing  gear  contribute  significantly  to  the  motion  of  the  airplane  between 
the  end  of  the  catapult  stroke  and  deck  edge,  the  effect  of  the  extension 
dancing  is  included  by  the  use  of  an  "attenuation  factor".  Obis  factor  is  an 
empirically  determined  number’  that  accounts  for  the  reduction  of  static  gear 
load  during  the  gear  extension  cycle* 

Although  the  method  presented  herein  is  considerably  less  complex  than 
the  more  sophisticated  procedures  frequently  used  with  aircraft  whose 
characteristics  are  completely  defined,  this  method  should  provide  a  good 
estimate  of  the  carrier  catapult  performance  characteristics  of  the  aircraft. 
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SYMBOL 


DEFINITION  OF  SYMBOLS 

FORTRAN 

NAME 

DEFINITION 

UNITS 

SENSE 

A10 

Distance  from  main  gear 
to  c.g.  in  ground  X 
direction 

ft . 

All 

Distance  from  nose  gear 
to  c.g.  in  ground  X 
direction 

ft. 

ALFA 

Angle  of  attack 

degrees 

ALFADT 

Angle  of  attack 
table  associated  with 
drag  coefficients 

degrees 

ALFALT 

Angle  of  attack  table 
associated  with  lift 
coefficients 

degrees 

ALFAMT 

Angle  of  attack  table 
associated  with  aero 
moment  coefficients 

degrees 

ALIFT 

Airplane  aerodynamic 
lift 

lbs. 

+Up 

AM 

Airplane  mass 

slugs 

AMEDGE 

Distance  from  main 
gear  at  end  of 
catapult  stroke  to 
deck  edge 

ft. 

AMOM 

Airplane  aerodynamic 
moment  about  c.g. 

f  t .  lbs . 

+Nose  Up 

ANEDGE 

Distance  from  nose 
gear  at  end  of 
catapult  stroke  to 
deck  edge 

ft. 
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SYMBOL 


3 


DEFINITION  OF  SYMBOLS 


FORTRAN 

NAME 

DEFINITION 

UNITS 

APZYY 

Airplane  pitch  moment 
of  inertia  at  c.g. 

slug' ft 

BETA 

Catapult  bridle  angle 
with  'ground 

degrees 

CBAR 

Mean  geometric  chord 

ft. 

CDT 

Drag  coefficient  table 
associated  with  angle 
of  attack 

none 

CLT 

Lift  coefficient  table 
associated  with  angle 
of  attack 

none 

CMT 

Aero  moment  coefficient 
table  associated  with 
angle  of  attack 

none 

DI 

Distance  from  nose  gear 
to  c.g.  in  fuselage  X 
direction 

ft. 

D2 

Distance  from  c.g.  to 
bridle  attach  point 
in  fuselage  X  direction 

ft. 

D3 

Distance  from  c.g.  to 
main  gear  in  fuselage 

X  direction 

ft. 

D  6 

Distance  from  c.g.  to 
nose  axle  fully  extended 
in  fuselage  Z  direction 

ft. 

d6bar 

Distance  from  c.g.  to 
nose  axle  in  fuselage 

Z  direction 

ft. 

D7 

Distance  from  c.g.  to 
bridle  attach  point  in 
fuselage  Z  direction 

ft. 

SYMBOL 


t 

» 

8 
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DEFINITION  0?  SYMBOLS 


FORTRAN 

NAME 

D8 


D8BAR 

D12 

D17 

DEDGE 

BELT 

DEI.TI 

DELT2 

DRAG 

FC 

GAMA 

GAMD0T 

KID 


DEFINITION 


Distance  from  c-g.  to 
main  axle  fully  ex¬ 
tended  in  fuselage  Z 
direction 

Distance  from  c.g.  to 
main  axle  in  fuselage 
Z  direction 

Catapult  bridle  length 

Distance  from  c.g.  to 
aero.  ref.  point  in 
fuselage  X  direction 

Distance  from  catapult 
snur.tle  at  end  of 
stroke  to  deck  edge 

Time  increment 

Time  increment  before 
deck  edge 

Time  increment  after 
deck  edge 

Airplane  aerodynamic 
drag 

Catapult  force  at 
stroke  end 

Flight  path  angle 

Rate  of  change  of 
flight  path  angle 


UNITS  SENSE 

ft . 

ft. 

ft. 

ft. 

f  t . 

sec  . 

sec  . 

sec  . 

lbs . 

lbs . 

degrees  +Up 

rad . /sec 


Control  number  if  none 

KID  =  0  cat.  bridle 
attach  point  stationary: 
if  KID  >  0  cat,  bridle 
attach  point  moves  vith 
nose  gear  stroke 
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DEFINITION  CF  SYMBOLS 


SYMBOL 

FORTRAN 

NAME 

definition 

UNITS 

SENSE 

PK 

Aerodynamic  pitch  damp- 
coef  f icient 

J 

lb .  see*' 

-Always 

PM,  PM A 

Main  gear  load 

lbs  • 

PMK 

Main  gear  load 
attenuation  constant 

none 

PMT 

Main  gear  load  table 
associated  with  axle 
strokes 

lbs. 

PMTT 

Main  gear  load  table 
associated  with  main 
gear 

lbs. 

PN,  PNA 

Nose  gear  load 

lbs. 

PNK 

Nose  gear  load 
attenuation  constant 

none 

PNT 

Nose  gear  load  table 
associated  with  axle 
strokes 

lbs. 

PNTT 

Nose  gear  load  table 
associated  with  nose 
gear  tire  deflection 

lbs. 

e 

RHO 

Air  density 

slugs 

■7D 

RMO 

Main  gear  undeflected 
tire  radius 

in . 

RNO 

Main  gear  undeflected 
tire  radius 

in . 

S 

Wing  area 

ft-.2 

(Jr 

SIGT 

Thrust  angle 

degrees 

+Up 

T 


I 
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DEFINITION  OF  SYMBOLS 


SYMBOL 

FORTRAN 

NAME 

-  DEFINITION 

UNITS 

SENSE 

SM 

Main  gear  axle  stroke 

ft . 

-(-Compressed 

: 

SMI 

Main  gear  axle  stroke 

in . 

T  - 

I 

* 

i 

SMT 

Main  gear  axle  stroke 
table  associated  with 
main  gear  load 

in . 

T 

SN 

Hose  gear  axle  stroke 

ft. 

-fCompressed 

J 

SNI 

Nose  gear  axle  stroke 

in . 

I 

V 

SNT 

Nose  gear  axle  stroke 
table  associated  with 
main  gear  load 

in . 

j  2R, 

tm 

SUMFX 

Summation  of  forces 
in  X  direction 

lbs. 

-fForva rd 

]  2Fh 

SUMFZ 

Summation  of  forces 
in  Z  direction 

lbs. 

+Up 

1  2  m, 

« 

SUMMY 

Summation  of  moments 
about  Y  axis 

ft . lbs . 

+Nose  Up 

;  t 

T 

Time 

sec  . 

TARM 

Thrust  moment  arm 
to  c . g . 

ft. 

+ Above  c ,g. 

© 

TH 

Aircraft  pitch  angle 

degrees 

+Nose  Up 

•  9 

G 

THDD0T 

Aircraft  pitch 
acceleration 

rad/sec^ 

i  © 

THD0T 

Aircraft  pitch  velocity 

rad/ sec 

« 

• 

1 

TIRMT 

Main  gear  tire  deflec¬ 
tion  table  associated 
with  main  gear  load 

in . 

L 
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DEFINITION  OF  SYMBOLS 


SYMBOL 

FORTRAN 

NAME 

DIRECTION 

UNITS 

SENSE 

TIRHT 

Nose  gear  tire  deflec¬ 
tion  table  associated 
with  nose  gear  load 

in . 

TMAX 

Maximum  time  to  run 
problem 

sec  . 

T-R 

Airplane  thrust 

lbs  . 

+Forward 

UR 

Coefficient  of  rolling 
friction 

none 

V 

Airspeed 

f t . /sec  . 

+Forward 

• 

V 

VDOT 

Airplane  c.g. 

f t . /sec  . 

acceleration  in  wind 
axes 


VX  X  component  of  V  in  ft. /sec. 

ground  axes 


VZ 

Z  component  of  V  in 
ground  axes 

f t . /sec . 

W 

Airplane  weight 

lbs. 

WIND 

Wind  velocity  with 
respect  to  ground 

f  t .  /  s  e  c  . 

+Headvind 

X 

Horizontal  ground 
position 

ft . 

n-Forvard 

XB 

Fuselage  station  of 

F.S. 

catapult  attachment 
point 


XCG  Fuselage  station  of  F.S. 

airplane  c.g. 

I 

X 


XDOT 


Ground  speed 


f t . /sec  - 
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DEFINITION  OF  SYMBOLS 


SYMBOL  FORTRAN  DEFINITION  UNITS' 

NAME 


XL 

Fuselage  station  of 
aerodynamic  reference 
point 

F.S. 

XM 

Fuselage  station  of  main 
gear  axle 

F.S. 

XN 

Fuselage  station  of 
nose  gear  axle 

F.S  . 

Z 

Vertical  height  of  c.g. 
above  deck 

ft. 

ZB 

Waterline  of  catapult 
bridle  attach  point 
(at  nose  stroke  =  0 
if  applicable) 

v .  1 . 

ZCG 

Waterline  of  airplane 
c.g. 

w .  1 . 

ZM 

Waterline  of  main  gear 
axle  at  zero  stroke 

w .  1  . 

ZN 

Waterline  of  nose  gear 
axle  at  zero  stroke 

w .  1 . 

SENSE 


+ Above  Deck 


1.  An  angle  name  with  R  added  is  the  angle  in  radians 

2.  Fuselage  stations  must  increase  aft 

3.  Waterlines  must  increase  up 

4.  If  no  symbol  is  given  it  is  the  same  as  the  FORTRAN  NAME 


Deck 
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SECTION'  1 

METHOD  OF  ESTIMATING  THE  CATAPULT  PERFORMANCE 
OF  A  CARRIER  BASED  AIRPLANE 

Section  1.1  Introductory  Information 

A  simplified  method  for  estimating  the  catapult  performance  of  an 
airplane  for  a  symmetrical  launch  is  presented  in  this  section.  The  method 
is  presented  in  such  a  maimer  that  it  may  be  accomplished  by  following  the 
step  by  step  directions  using  only  a  desk  calculator.  The  same  procedure 
is  also  coded  in  FORTRAN  II  for  utilization  of  a  digital  computer.  The 
procedure  consists  of  two  distinct  parts; 

1)  determination  of  conditions  at  the  end  of  the  catapult  stroke,  and 

2)  determination  of  airplane  motion  subsequent  to  catapult  release. 
Certain  assumptions  are  necessary  to  bring  this  problem  into  the  realm 

of  small  (8k)  digital  computers  or  possible  hand  calculation,  The  basic 
assumptions  are: 

1)  Three  degrees  of  freedom  are  considered  for  airplane  motion; 
horizontal  translation,  vertical  translation,  and  pitch. 

2)  Rigid  body  motion  only  is  considered  for  the  airplane. 

3)  The  landing  gear  arrangement  is  of  the  tricycle  type. 

4)  The  main  and  nose  gear  stroking  parts  are  massless. 

5)  The  main  and  nose  gear  stroke  perpendicularly  to  the  airplane 
reference  line. 


6) 


The  thrust  is  constant. 
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7)  The  tail  setting  is  constant. 

8)  At  the  end  of  the  catapult  stroke  the  airplane  pitch  rate, 
pitch  acceleration,  vertical  translational  rate,  and  vertical 
translational  acceleration  are  zero. 


Section  1.2  Preliminary  Calculations  for  Machine  Computation 

Preliminary  calculations  are  necessary  to  define  the  horizontal 
force  in  the  catapult  at  the  end  of  the  power  stroke  (just  prior  to  contact 
of  the  "brake)*  An  end  speed  appropriate  to  the  weight  being  considered 
and  consist ant  with  reference  (d)  is  chosen.  The  incremental  end  speed  due 
to  airplane  thrust  and  drag  ie  calculated  according  to  reference  (c).  For 
the  C-7  catapult 


y  2  4.  56 40  (Ta  -  Da) 
A  W+  4000 


l/z 


% 


-X 


where 


%  «  deadload  endspeed,  knots 

Ta-  average  thrust  of  airplane  during  power  stroke,  pounds 
Da-  average  drag  of  airplane  during  power  stroke,  pounds 
VeT-  endspeed  increment,  knots 


It  has  been  observed  for  a  wide  range  of  conditions  that  the  average  drag, 
is  approximately  60jo  of  the  drag  force  occuring  at  the  end  of  the 
power  stroke. 
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The  catapult  force  at  the  end  of  the  power  stroke  can  he  determined 

from 

P  _  i-  k  OfyO  .  jv(  x* 

L 

where  Fc  *  catapult  horizontal  force  at  end  of  power  stroke,  pounds 
P/M  «  peak  to  mean  ratio  for  the  catapult 
S  *  catapult  power  stroke,  feet 
M  a  airplane  mass,  slugs 
X  =  deadload  endspeed,  feet  per  second 


The  gear  attenuation  constants  PNK  and  FMK  must  be  determined  in  the 
initial  phase  of  calculations.  The  constants  are  defined  as 


PNK,  FMK  »  1 


Air  Spring  Load 


Since  the  shock  struts  ’will  be  unloading  during  the  deck  run  this  problem 
ii  only  concerned  with  the  reverse  damping  characteristics  of  the  struts. 
For  the  F-8  airplane  it  was  found  that  attenuation  factors  from  .8  to  .9 
gave  results  that  agreed  with  those  obtained  by  more  sophisticated  methods. 
It  is  racommended  that  in  the  absence  of  any  data  that  a  value  in  the  range 
of  .8  to  .9  be  used.  If  it  is  known  that  a  mechanical  device  is  present 
in  the  gear  to  provide  additional  orifice  area  for  reverse  stroking  then 
a  value  between  .95  and  1.00  is  recommended  for  the  attenuation  factors. 
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Section  1.3  Preliminary  Calculations  for  Hand  Computation 

If  the  equations  of  Section  2  and  Section  3  are  to  be  solved  by 
hand  the  following  constants  "will  be  required  in  addition  to  those 
defined  in  Section  1.2. 

Dll  =  (  XCG  -  XL  )//£ 

Dl  =  (  XCG  -XN)/I2 
D3  =  (XM  -XC6)/J£ 

D6  =  (  ZCG  -  ZNVIZ 
D8  =  (ZCG  -ZM)/|£ 

DZ  =  (XCG  -  XB)/I2 

If  the  bridle  is  attached  to  a  fixed  point  on  the  airplene  D7  is  constant, 

Dl  =  (  ZCG  -  ZBVl 2. 

If  the  bridle  attachment  point  moves  with  nose  gear  stroke  D7  oust  be 
calculated  each  pass  through  Section  2  and  is 


D7=  (Z.CG  -ZB-5N)  / 12 . 
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SECTION  2 

DETERMDIATION  OF  CONDITIONS 
AT  TEE  END  OF  THE  CATAPULT  STROKE 


The  procedure  for  determining  the  airplane  position  at  the  end  of 
the  catapult  power  stroke  is  presented  in  this  section.  It  may  he 
followed  in  a  step  hy  step  manner  for  hand  calculation.  From  assumption 
8  in  Section  1.1  we  may  write 


2Fa  =  o 

ZMy-0 


These  two  equations  may  he  written  such  that  the  only  unknowns  appearing 
are  PM  and  PN.  An  iteration  procedure  is  used  to  find  the  PM  and  PN  that 
satisfy  both  of  these  equations.  The  iteration  procedure  is  carried-  out  in 
the  following  manner  (The  FORTRAN  routine  does  this  at  the  beginning  and  U3es 
the  statements  down  to  and  including  13 ) 

1.  Estimate  gear  loads 


?M  »  .75W 

PN  ®  PM/5 


2. 

3. 

4. 


Obtain  gear  strokes  SM  and  SN  from  gear  load-stroke  tables. 
Obtain  tire  deflections  TIRM  and  TERN  from  tire  load-stroke 
and  calculate  rolling  radii 


RM  =  RMO-TIRM 
RN  =  RAjO-TlRf'J 


tables 


Calculate 


R  =  RN  -  RM 

Q  =  (D8 -SM) -(D6-S/VI) 
P-  Dl  +  D3 
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5.  Prom  Figure  2,  triangle  ABC  yields  the  following  equation 

P-R  -+•  V(p-R)£  +  (Q*~  Ra )  (PE+  a?-) 

Pa  -r  Qz 

Solve  for  0 


Sm 


©  = 


6.  Calculate  c.g.  height  z 

Zl  =  (De-5N)cos0  -Dl  sm0  +  RN 
Z2  =  (D8-Sm)Cos6  4-D3sm9  RAA 

Z  =-^(zi  +  Z2) 

7.  Calculate  instantaneous  gear  lengths 

D8BAR  =  (2.-D3  sm© -RN\)/cos0' 
D  GBAR  =  (2:4-01  s7ne-RN)/cos0 


8.  Calculate  vertical  distance  from  c.g.  to  bridle  attach  point 

A!  =  07  cos©  —  Del  sTn© 

9.  Calculate  horizontal  distances  from  c.g.  to  main  and  nose  axles 

AlO  =■  03  COS  9  -  D3BAR  sir,  6 
All  =  Dl  cos 6  +  D6BARsin  8 

10.  Obtain  aerodynamic  coefficients  CL  and  CM  from  aero  tables  (<=<*  Q) 

11.  Calculate  aerodynamic  lift  and  moment 

ALFT=tyaSV£CL 

AAAOAA  —  -p  p£i  Vz(CBAR)C(a,+  DI7-  M-IFT-  cos  © 

12.  Calculate  bridle  angle 

6=  (H  -Al)/DI£ 

13.  Calculate  vertical  component  of  catapult  force 

FCZ  =  FC  tavo^/3 

14.  Calculate  catapult  force  along  bridle 

F  CP  =  FC/coSJ3 

15.  Calculate  perpendicular  distance  from  eg  Id  catapult  force  line  of 
action 


PCBAf?  =  D7-cos(e-i-j2.)-DZ-$lh(0+/3) 
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lo .  Calculate  sum  of  vertical  forces  (neglecting  gear  forces) 

=  -W  +ALIFT  +  TR-sln(e  +  crT)  -  FCZ 

17  •  Calculate  sum  of  moments  about  y  axis  (neglecting  vertical  gear  forces ) 

=  AM OM  +PCBAR-FGP  - Z-UR-(ZpA\-  Ph) 
-TR-TiRM 

l8.  Calculate  nose  gear  load 

PNA  =  ~(  > _ >V4  AlO^^Fs) 

MO  Ml 

1$.  Calculate  main  gear-  load 

pma  =ZZ>1  -aii;EI>£ 

2  ( A 10  +  All ) 

20.  If  PMA  and  PNA  both  check  to  within  5^  of  PM  and  PN  respectively  continue 
to  part  II.  If  not  calculate 

PN  =-^(PN  +  PNA') 

P/V\  =  g-  (PM+  PMA) 

Go  back  to  statement  2  and  continue. 


T 
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SECTION  3 

DSTSRHUIAinOR  OF  AIRPLANE  ISJUDH 
SUBSEQUENT  TO  CATAPULT  RELEASE 

With  the  initial  conditions  established  by  Section  2  the  three  equations 
of  notion  «  .  / 

V  =  '/a*  £  r* 

X  ~  /am  *  'Z  £  Fz 

e  =  'Apiyyl J  My 

in  the  wind  axis  system  may  he  n’rce.ricslly  integrated  to  give  time  histories 
of  the  airplane  velocity  end  position.  This  procedure  is  straight  forward 
with  the  exception  that  the  gear  loads  are  set  tc  zero  when  they  pass  over 
th-  deck  edge. 

The  step  by  step  procedure  is  as  follows: 

1  Calculate  horizontal  distance  from  c.g.  to  bridle  attachment  point 

AZ  =  DZ  cose  A  0  7  S/A/6 

2.  Calculate  horizontal  li stance  from  nose,  gear  to  deck  edge  with 
airplane  at  end  of  catapult  stroke 

AN  EDGE.  =  DEDGB  t  AZ  +  DU  CoS  p  -All 

3.  Calculate  horizontal  distance  from  main  gear  to  deck  edge  with 
airplane  at  end  of  catapult  stroke 

A  ME  DG  EL  -  A  A/EDGE  •/-  AJQ  +  All 

4.  Establish  initial  conditions 

X  =  O 

x  =o 

(A  =  © 

%  =° 

©  -O 

X  =  o 

V  =  X  t  W/A/.0 

T  =  O 

Obtain  nose  tire  deflection  TIRN  from  load-stroke  table 
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6.  Calculate  roiling  radius  of  nose  tire 

RN  =  (RNO  -TIP  H)/\c\ 

7*  Calculate  instantaneous  length  of  nose  gear  (sc-  figure  2) 

DGBAR  +  Di  sT-6  -R^)/ccs© 

8,  Calculate  nose  gear  stroke 

SN  =  DG  —  DGBAR 

9.  If  SN  >0  go  to  next  step 

If  SN  <  0  st:t  PN  =  0  go  to  step  11 

10.  Obtain  nose  gear  load  Pil  from  gear  load  stroke  table 

11.  Obtain  rain  tire  deflection  T.UvM  from  load-stroke  Table 

12.  Calculate  rolling  radius  of  rain  tire 

R /vv  --  (rn\o  -~'irn\)/\z 

13.  Calculate  instor toneous  length  of  rain  gear  (see  ligure  2) 

DS  BAR—  (2L  —  D3  sin  ©  —  R /cos0 

14.  Calculate  main  gear  stroke 

5M  =-  DS  -  DS  BAR 

15.  If  SM>0  go  to  next  step 

If  3M  ^0  set  PH  =  0  go  to  step  17 

16.  Obtain  main  gear  load  PH  from  gear  load  stroke  table 

17.  Calculate  distances 

AID  —  D3coa  0  -  D8  BAR  sTn© 

A  l  i  —  D  I  cos  0  A-  DG  BAR  sTv'i© 

18.  Obtain  aerodynamic  coefficients  CL,  CD,  and  CM  from  aero  tables 

19.  Calculate  aerodynamic  loads 

ALIFT  =4f  pSVsCL 

DRAG  =  -AdSV£C0 

AfV\  OM  —  -bp  SV2(CBAR)Cn\  4-  DIT'  ALT  FT  •  cos  <X 
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20.  Calculate  sum  of  forces  in  x  direction 
- 1 

F  ^  —  TR  4 cr^ ^  —/OR  A.Q  —  W  sTvk  Y 

4PN  -PNK-  (s^Y  -  UR-  cosY  ) 

+  aPM-  PTAK*  (smY  —  UR  cos  Y) 

21.  Calculate  sum  of  forces  in  z  direction 

=  ALT  FT  -  W  cos  Y  "4  ~FR  sT\p  (o(-4-  cr^-) 
’  +  PN ■ PN K-( cosY  +•  UR  siNY) 

+  £P/V\'PMX-(  cos  X  +  URsinX^ 

22.  Calculate  sum  of  moments  about  y  axis 


\ 


23.  V  = 


NAv=AN\0/vA-TR  TAR M  +  PK-0-V 
+  PN-PMK'  (All  -UR-Z) 

—  2  PNA-PM.K  •  (MO  +UR-^) 

1  XT 


A/A 


F 


V  —  V  4  Y^t 

,_±— X - 1 

V-A/A  X _ i 


* 


Y  =  Y  -4  VA.t, 

1  ^ - » 


©  = 


Ivy 


AT 


I 


©  =  e  -4-  ©  A-t  -4  4r  0  AiX 

©  =  ©  4-  e  At 

24.  Calculate  angle  of  attack 

o<  =  Q  — Y 

25.  Calculate  components  of  V  in  ground  axes 

Vy  ~  V  CoS  Y 
Vg.  =-  V  sT  n  Y 

26  Calculate  ground  speed 


X  =  Vx  -VvTMD 


27 «  Calculate  position  in  ground  coordinates 

X  =  X  +  Xit 
H  =  3E.  4-  YjA-t 
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For  3  conditions 

A.  Both  gears on  deck  go  to  5 

B.  Main  gear  only  on  deck  set  PN  =  0,  go  to  11 

C.  Beth  gears  off  deck  set  PN  «  PM  =*  0,  go  to  l8 


Continue  above  procedure  until  tmax  is  reached 
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SECTION  4 

CONCLUDING  REMARKS 


The  program  presented  in  this  report  is  in  pert  based  upon  empirical 
data;  therefore,  it  will  be  very  helpful  to  future  users  of  the  method  tc 
obtain  and  incorporate  additional  data  and  to  improve  the  accuracy  cf  the 
empirical  quantities. 

If  an  airplane  is  or  becomes  marginal  in  terms  of  sink  over  thf  bow, 
almost  any  factor  vbich  affects  the  airplane  motion  in  any  way  will  have 
an  effect  on  the  amount  of  sink.  Any  very  small  changes  in  static  margin, 
in  gear  load  characteristics,  in  thrust  available,  or  other  such  characteristics, 
can  cause  considerable  differences  in  amount  of  sink  experienced  by  the 
airplane.  Hie  procedure  given  in  this  report  should  indicate  those  areas 
which  deserve  the  moat  attention  with  regard  to  inproving  the  carrier 
suitability  of  the  airplane. 
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APPENDIX  A 


FORTRAN  BOUTINS  FOR  JIACJUIJE  COnPUTATICI; 


This  appendix  includes  a  flow  chart  of  the  routin',  a  source, 
listing  of  the  routine,  a  format  for  the  input  data,  and  a  definition 
of  the  output  data. 


C8  , 
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AIRPLANE  0 A l A N C ~  a*o  ~Lv'-*‘  SP'PLI-jED  CATAPULT 

SUBROUTINE  STA«LF  ,vl»-/l»’:» 

DIMENSION  XI  { 10)  .VI  ( 1  r- ) 

NN=N 

00  15  1=1 9 NN 
IF(XKI)-XARG)  15.?"»?" 

CONTINUE 
I  =NN 

IF  (1-1)  25.25.30 
1=2 

SL0PE  =  (Y1( I ) -Y 1  I !-i; )/i  •:,!!-«”  ( J-1  1  j 
FU.N=SLOPE*(XARG-/U  I-lll’-VMI-l) 

RETURN 


REPORT 


END 

hmplified  catapult 

DIMENSION  PMT  (  10  )  »6*‘T  (  1  J  )  ,P*:T  (  10  )  *5NT  { ID  )  .PMTT  (  1 0  )  »  T  !  ~  'T  '  i  C  )  , 
lPNTT(lO) »  T I RNT { 1 9 ) ♦ ' LF..l” ( 1 ^ ! »CL7(10),ALFAMT(10) .CMT ( 10 ) » 
2ALFA0TUO1  #COT(l^)  »TUlc(  1") 

READ  INPUT  TAP-  5;8Q,T^-Lr 

READ  ! NpUT  T acts  »  9  9 » ! "  ■  T ( I ’  *  I = 1 » I  0  I » ( SM7 ( I ) ? I  =  1 .  1  0  j 
READ  INPUT  TAPE 5  »  9 9 , ( p>r  ' I } , I = 1 , 1 0 , , ( SN T ( I ) , I = 1 ,  10 J 


READ  INPUT  TAPES.  9  9  .  { Pmj  7 { J ) ,1  =  1,10), ( f I R  M  T ( I )  .1  =  1.10) 


Rf*B  IW  TAPM:  S3}|XLWfI:UKMT|gl!TIIIiIsM8I 

READ  INPUT  TAPES.  99.  {  alF/''T  (  I  j  *1  =  1*10)  ♦  (CDT  (  I  )  »  I  =1 » 10) 
READ  INPUT  TAPES.  99  ,  ! alp/ “7 ;i ) , I  *  1 . 10 ) , { CMT ( i ) « I = 1 » 1 0 ) 
READ  INPUT  TAPES, 

1  99.XCG.ZCG  .XN.ZN  >  <M  >Z’-<  »VR  »?•':  »  XL  » R NO  » RM0 , ^HC  » S  »  CBAR  , 

1 D 1 2  »  EC  »  T R  » W . UR  ,  T  ARM ,XDOT  ,  AP  I  Y  Y  »  S I GT  » PNK  .  P**<  ,  PK  , DEL T  1  » 
2DELT2 .WIND.DEDGF.TMAX 
READ  INPUT  TAPES, 


FORMAT (5E 15.4) 

FORMAT ( 1H0 » 3X , 27HMAI N  ‘"Ay  lOA:)  STROKE  TABLE//) 

FORMAT  (  1H0  »3X  ,27HNOSr  AR  load  STROKE  TABLE//) 

FORMAT ( 1H0 * 3X , 27HMA I N  TIRE  l O' O  STROKE  TABLE//) 

FORMAT  (  1H0  »  3X  » 27HNC>SE  TIRE  LOAD  STROKE  TABLE//) 

FORMAT ( 1H0 • 3X  » 1 5HAFR0  lIFT  TABLE//) 

FORMA T( 1H0.3X t 15HAER0  DRAG  TABLE//) 

FORMAT { 1H0  »  3X  » 18H AERO  MOMENT  TABLE//) 

FORMAT! 1H0.3X , 12HGENER al  DAT/ //) 

FORMAT! 12A6) 

FORMAT! 1H1 ) 

FORMAT !  19HA/C  DIO  NOT  o.*|_ANrF) 

FORMAT (7E15.4.F15.3) 

FORMAT  { I  3  ) 

FORMAT  (  //9X  ,  1H?  ,  1  ]  X  ,5MTHrT/>. ,  1 1  x  , 5HGAMMA  ,  13X  »2HPM  1 13X  »?HPN» 
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I 

r 


114X,1HX,12X,3HVFL,11X,AHTIMF/} 

99  FORMAT  (5E1G.4) 

WRITE  OUTPUT  TAPE  6-89 

WRITE  OUTPUT  TAPE  6 » 88, TITLE 

WRITE  OUTPUT  TAPE  6*80 

WRITE  OUTPUT  TAPE  6,79,PMT,SMT 

WRITE  OUTPUT  TAPE  6*81 

WRITE  OUTPUT  TAPE  6*79,  PNT  * Sf!T 

WRITE  OUTPUT  TAPE  6*82 

WRITE  OUTPUT  TAPE  6  * 79 * PMTT * T I R«T 

WRITE  OUTPUT  TAPE  6,83 

WRITE  OUTPUT  TAPE  6, 79, PMTT  ,TIRNT 

WRITE  OUTPUT  TAPE  6*84 

WRITE  OUTPUT  TAPE  6 * 79 , ALF ALT »CLT 

WRITE  OUTPUT  TAPE  6,85 

WRITE  OUTPUT  TAPE  6,79, ALFAOT »CDT 

WRITE  OUTPUT  TAPE  6,86 

WRITE  OUTPUT  TAPE  6 ♦ 79 , ALFAMT »CMT 

WRITE  OUTPUT  TAPE  6,37 

WR I TEOUTPUTT APE6 ,7  9  »XCG , ZCG  »XN  ,  ZN »  XM  , ZM  » XB  , 

1ZB,XL,RN0,RM0,RH0,S>CBAR, 

1012  » FC  »TR  *W  ,UR , TARM  »X DOT  » AP I YY  *  S I GT  , PNK  , PMK ,PK  »DELT1 , 

2DELT2 ,WIND iOEDGE , TMAX 
WRITE  OUTPUT  TAPE  6,97, KID 
WRITE  OUTPUT  TAPE  6,89 
WRITE  OUTPUT  TAPE  6,88, TITLE 
WRITE  OUTPUT  TAPE  .6,98 
V»XDOT+WIND 
DUMMY =0. 

I NDEX3 1 

SIGTRaSIGT/57.3 
D17a ( XCG~XL ) / 1 2 • 

Di= { XCG-XN ) /1 2 » 

D3C ( XM-XCG ) / 1 2 • 

D6= ( ZCG-ZN ) /1 2 • 

D8s { ZCG-ZM ) / 1 2  # 

D2®  i  XCG-Xfi } / 1 2 • 

PM*»75#W 
PN«PM/5 « 

I  *0 

6  CALL  STABLE  (PMT ,SMT  ,10, PM, SMI ) 

CALL  STABLE  ( PNT , SMT , 10 , PM , SN I ) 

CALL  STABLE  (PMTT,TIRMT,10,PM,TIRM) 

CALL  STABLE  ( PNTT  »7 1 RNT  ,  10,PN*TIRN) 

RNa { RNO-T I RN ) /12  • 

RM* ( RMO-T I RM ) / 1 2 ♦ 
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SM=SMI/12.  .  ' 

SN=SMI/12. 

IF(KID)  7,7,8 

7  STUFY  =  0 « 

60  TO  9 

8  STUFY  =  SN I 

9  07= ( ZCG-ZB-STUFY ) /1 2  « 

R=RN-Rv 

0  3  n  p.  -  o  6+ S  M-SM 

P=D1+D3 

S I  VTs  ( P  »P+SORTP  { ^ )  *•  (  j  j  j  /  ( p*p+n#0  ) 

THR = A  T  AN  F  ( S I  ?!  T  /  ( 50?  T  c  ( 1 .  -5 1  f :  T*$  IP  T  )  )  ) 

COSTsCOSFtTHR) 

Z1»(D6-SN)*C0ST-D1*SINT+R\ 

Z2= ( D8-SM ) *COST+D3*S I MT+R” 

Z= (Z1+Z2 ) /2 • 

D 8 B  AR  =  (  Z -  0 3 *S  I N T -  R ’•’ )  /CO S T 
06 BAR* ( Z+Dl *S I NT-RN ) /COST 
A1=D7*C0ST-02*S I  NT 
Al0sD3*COST-O8BAR*SlNT 
A 1 1 =0 1 *C0S T +D6R  A  R  *S I N  T 
TH=THR*37 . 3 

CALL  STABLE  ( ALFALT ,CLT » 10 »TH ,CL ) 

CALL  STABLE  (ALFAMT»CMT»10»TK»CM> 

AL I  FT =RHO*S#V#V#CL/2 • 

AMOM** R HO *S * V* V *CB A R *CM / 2  .  +  D 1 7 *C OS T *A L I F  T 
SINB=(Z-A1)/D12 

BETAR=ATANF(SINB/{ SQRTF { 1 .-SINB^S I  MB ) >  ) 

COSB  =  COSF( RETAR  ) 

T  AN8=S I NB/C0S8 
FCZ=FC#T  AMR 
FCP=FC/COSB 

PCBAR=D7*C0SF ( THR+BFTAR >  ~P2*S I NF ( THR+RETAR J 
GF=W-AL IFT-TR*S1NF( THR+S IGTR ) +FCZ 
GM=AM0M+PCBAR*FCP-Z*UR*(2«*PM+PN)-TR#TARM 
PNA= ( GF^AIO-GM ) / { A10+A1 1  ) 

PMAs(GF*All+GK)/(2.*(A10+All ) ) 

I F ( ABSF ( (PN-PNA)/PN)-.05 )  10,10)13 

10  IF ( ABSF ( ( PM-PMA } /PM ) -#  05 )  15,15,13 
13  PM= { PM+PMA ) /2 • 

PN=  ( P.N+PNA  )  / 2  * 

1  =  1+1 

I F { 1-50 )  6,6,59 

WR I TE0UTPUTTAPE6 ,  96 , Z , TH , DUMMY  » PM A , PNA « DUMMY , V , DUMMY 
PM = PM A 
PN=PNA 


15 
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m-o  =  TM/57,? 

COST =COf>F ( TH^ ) 

SINT=SINF( THO) 

A2=02*COST+O7^SI-':T 
DELT  =  0ELU 

A  N  F  0  G  E  =  0  E  ^  0  F  +  A  2  + 1 0 1 2  *  C  0  S  '*  -  A  3  1 

A,ici)r,c=v.'cnr.cJ.A  i  n+A] 

AM  ='«//??.  7 

P2o=rho*cl/2 . 

P21=P2n*Cn-Ac> 

SIGTR-SIOT /  3  7 , 3 
GAMDOT  =  0. 

GAMA--0  « 

GAMAR  =0 • 

AlFAR=THR 

ZOOT=0. 

C0SG=C0SF (GA”AP ) 

SINGsSINF  (GA’-'AR  ) 

TH00T  =  0 • 

X  =  0 « 

v=xnoT+'-/i  sjo 

T  =  0. 

20  CALL  vSTAp)LE(P‘!TT  ,  J  I  "OJ  T  »10>DM  ,TIf~’) 

°M=(RNO-Tn\')/12. 

H6P AR  =  ( Z  +0 1 * S in T-RN ) /CO  ST 

SN=D6-06GAR 

SM I =SN*  12. 

IF(SN'I)  21 »  21  ♦  18 

18  CALL  STAPLE  (  SNT  »Pf  T  ,  In,  s,\I  ,<-•*  ) 

GO  TO  22 

21  PN=0 • 

22  CALL  5Ta°LE(PmTT  » T  I  R  "  T  j  1 0  » P  M  ♦  T  J ) 
RO=  (  Rmq-t  i  r*'  )  / 1 2  • 
D8RAR={Z-^3*SINT-RM) /COST 

SM=D8 -08  PAR 
SMI  =SM*12. 

IF (SMI)  32 >32 » 28 

23  CALL  STABLE (SMT,pMT,  10, SMI  ,PM) 

GO  TO  31 

30  DELT  =  DEL.T2 
PN  =  0  * 

32  P  M  a  o « 

31  AlO*03*COST-naBAR*SIMT 
Ail=Dl*COST+D6RAR*SINT 

CALL  STARLE(ALFALT»CL7,10,ALFA,CL) 
CALL  STABLE ( ALFADT » COT, 10, ALFA, CO) 
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CALL  ST  A'  Lr  (  >0"-  >  1  '•» .'L“  '  i  '")  . 

AL lFT=°20*y*V*CL 
r>?AG*P20*V*V*O 

A,T,*  =  D21JtV-“y»C‘,AALlrT  '  '-17  'C~c'(  'L~‘  ' 

S!j',.FX  =  TOi'-f  ''c- (  alF  \*5  +  S!  "t7  SJ  7 

1  +pM*pf.iv'*  (  c;  i  •  jr^r^S  S  ) 

■)+2  ,  *D»<«0“'<  *  (  <;  j  •  •-_!  ) 

SU"FZ  =  ALI  +  L "  I  S-'-  3 

l+pr*PT<*  (  COSG-f  j">i--S  I  OG  ) 

2+2  ,  #pv*0“! f  •*  (  r^cr-jO-i  !•>■«;]  -y;  ) 
s»  jV‘,Y  =  A‘'r“-T7^T  *•+'■  <  ■•Tr,r'/>T  -  V 

l~o.‘'j*P?;-<*  (  All-lJ*'  :Z  )~2«  *“'■ '  (  K+  "  •  ; 

T  =  T-fDFLT 

IF (T-TMAX )  2 a, 2 a, eo 
24  VDOT  =  S,J“FX/A“ 

V=V+VDOT*^ELT 
GALOOT  =  SU‘  ’ ~  7  /  {  A**->V  ) 

G A  V A 7  =  ^  A ”  a G  A •  • r- r\ T  * '  LT 
0  I  N1  G  =  c  I  ,* J F  (GAVAR  ) 

COSG  =  COSc  {  C  A*'/'  °  ) 

GA”A  =  GA"AQ  *57 . 3 
THr'POT  =  ci  'vy/AP  y  yy 

THv=TH?+T'-'"^“-n~LT-i-T  OT*'“LTv  ‘N~LT/?  . 

Cr'ST  =  COSF  (  fH0  ) 

S  I  r!T  =  S I  '!e  (  T  --ri ) 

TH=TWR*57.3 

ALF  A  =  J:-!-SA,'A 
A  L  F  AP  =  A  L  F  A  /  5  7 , 3 

THD0T  =  THr>^T  +  H0'N0Ti*DFLT 

VX=V*C0SG 

VZ=V*S I NG 

XnOT  =  VX-S'P!^ 

X= v+xnOT*OrLT 
Z=Z+VZ#OELT 
IN0FX=I wn~X+l 
IFUNDFX-50)  49,49 ,48 

48  I  Nf)FX  =  1 

WRITE  OUTPUT  TAPE  6,89 

WRITE  OUTPUT  TAPE  6, 88, TITLE 

WRITE  OUTPUT  TAPE  6,90 

49  WRITE  OUTPUT  TAPE  6 , 96 , Z , TH , GAP A , P" , PO , X , V , 

IF (X-ANFPGF)  20,20,50 

50  I F ( X-AMF9GE  )  21,21,30 

59  WRITF0UTPUTTAPF6  ,  95 

60  CONTINUE 
CALL  EXIT 
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GO  TO  100 
END 
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FORMAT  FOR  INPUT  DATA 


CARD 

SYMBOLS 

DEFINITION  OF  SYMBOLS 

UNITS 

1 

PMT 

(1) 

Axle 

stroke  (i)  associated  with 

Its. 

main 

gear  load  table 

1 

PMT 

(2) 

Axle 

stroke  (2)  associated  with 

Its. 

t 

main 

If 

gear  load  table 

1 

t 

PMT 

(5) 

II 

if 

2 

PMT 

6) 

11 

2 

PMT 

1 

(7) 

II 

2 

5 

PMT 

(10) 

Axle 

stroke  ( 10 )  associated  with 

main 

gear  load  table 

-> 

SMT 

(1) 

Main 

gear  load  (l)  associated  with 

1  w- 
A  .1  • 

main 

gear  axle  stroke  table 

3 

8MT 

(2) 

Main 

gear  load  (2)  associated  with 

in . 

1 

main 

11 

gear  axle  stroke  table 

3 

1 

SMT 

(5) 

II 

It 

4 

SMT 

(6) 

* 

4 

SMT 

t 

(7) 

It 

tl 

4 

1 

SMT 

(10) 

H 

Ma  1  n 

gear  load  (10)  associated  with 

Siam 

gear  axle  stroke  table 

5 

PNT 

(1) 

Axle 

strode  (l)  associated  with 

Its . 

nose 

gear  load  table 

5 

PUT 

(2) 

Axle 

stroke  (2)  associated  with 

1 0  s  * 

f 

nose 

If 

gear  load  table 

5 

1 

PNT 

(5) 

11 

it 

6 

PNT 

(6) 

It 

6 

PNT 

1 

(7) 

If 

II 

6 

1 

PNT 

(10) 

If 

Axle 

stroke  (10)  associated  with 

Ids  . 

nose 

gear  load  table 
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FORMAT  FOR  IK PUT  DATA 


CARD  SYMBOLS  DEFINITION 


7 

SNT  (1) 

SNT  (> 2) 

Rose  gear 
nose  gear 

7 

Nose  gear 
nose  gear 

f 

tl 

! 

It 

7 

SNT  (5) 

II 

8 

SNT  (6) 

II 

8 

SNT  (7) 

1 

tl 

8 

1 

SNT  (10) 

II 

Nose  gear 
nose  gear 

9 

PMTT  (1) 

Main  gear 
associated 

9 

PMTT  (2) 

Main  gear 
iated  with 

f  , 

1 

II 

1 

II 

9 

PMTT  (5) 

II 

10 

PMTT  (6) 

II 

10 

PMTT  (7) 

II 

t 

II 

i 

II 

10- 

PMTT  (10) 

Main  gear 
associated 

11 

TIRMT  (1) 

Main  gear 
main  gear 

11 

TIRMT  (2) 

Main  gear 
main  gear 

1 

If 

1 

11 

11 

TIRMT  (5) 

II 

12 

TIRMT  (6) 

II 

12 

TIRMT  (7) 

II 

f 

II 

C 

II 

12 

TIRMT  (10) 

Main  gear 
main  gear 

OF  SYMBOLS  UNITS 


load  associated  with  in. 

axle  stroke  table 
load  associated  with  in. 

axle  stroke  table 


load 

associated 

wi  th 

in . 

axle 

stroke  table 

tire 

deflection 

(1) 

Its. 

with 

.  main  gear 

load  table 

tire 

deflection 

(2)  assoc- 

1  0  B  . 

main  gear  load  table 


tire 

deflection 

(10) 

1  o  s  . 

with 

main  gear 

load  table 

load 

(l)  associated  with 

in . 

tire 

deflection 

table 

load 

(2)  associated  with 

in . 

tire 

deflection 

table 

load  (10)  associated  with  in. 
tire  deflection  table 
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FORTKftT  FOR  INPUT  BATA 


CARD 

SYMBOLS 

DEFINITION 

OF  SYMBOLS 

UNITS 

13 

PNTT  (1) 

Nose  gear 

tire 

deflection 

(1) 

lbs . 

associated 

with 

nose  gear 

load  table 

13 

PNTT  (2) 

Nose  gear 

tire 

deflection 

(2) 

lbs  . 

1 

associated 

it 

with 

nose  gear 

load  table 

13 

I 

PRTT 

[5 ) 

t! 

tl 

14 

PNTT 

;6> 

II 

14 

PNTT 

1 

!7) 

•1 

It 

14 

1 

PNTT  (10) 

tl 

Nose  gear 

tire 

deflection 

(10) 

lbs. 

with  nose 

gear 

load  table 

15 

TIRNT 

(1) 

Nose  gear 

load 

(l)  associated  with 

in . 

nose  gear 

tire 

deflection 

table 

15 

TIRNT 

(2) 

Nose  gear 

load 

(2)  associated  with 

in . 

« 

nose  gear 

II 

tire 

deflection 

table 

15 

1 

TIRNT 

(5) 

It 

11 

16 

TIRNT 

6) 

it 

16 

TIRNT 

1 

(7) 

tl 

11 

16. 

1 

TIRNT 

(10) 

It 

Nose  gear 

load 

(10)  associated  with 

in . 

nose  gear 

tire 

deflection 

table 

17 

ALFALT  (1) 

Angle  of  attack 

{l)  associated  with 

none 

lift . Coefficient  table 

17 

ALFALT  (2) 

Angle  of  attack 

(c)  associated  with 

none 

1 

lift  coefficient  table 

« 

17 

t 

ALFALT  (5) 

11 

II 

18 

ALFALT  6) 

II 

18 

ALFALT  (7) 

t 

II 

¥ 

18 

1 

ALFALT  (10) 

11 

Angle  of  attack 

(10)  associated  with 

none 

lift  coefficient  table 
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FORMAT  FOR  INPUT  DATA 


CARD 

SYMBOLS 

DEFINITION  OF  SYMBOL 

UNITS 

19 

CLT  (l) 

Lift  coefficient  (l)  associated  vith 
angle  of  attack  table 

degree 

19 

CLT  (2) 

1 

Lift  Coefficient  (2)  associated  vith 

angle  oi  at  lack  table 

1} 

degree- 

19 

1 

CLT  (5) 

tl 

II 

20 

CLT  (6) 

II 

20 

CLT  (7) 

1 

II 

II 

20 

1 

CLT  (10) 

II 

Lift  coe  1  fit.  i  ent  (10)  associated  vith 
angle  oi'  attack  table 

degree 

21 

ALFADT  (1) 

Angle  of  attack  (l)  associated  vith 
drag  coefficient  table 

none 

21 

ALFADT  (2) 

t 

Angle  of  attack  (2)  associated  vith 
drag  coefficient  table 

It 

none 

21 

1 

ALFADT  (5) 

It 

II 

22 

ALFADT  (6) 

II 

22 

ALFADT  (7) 

1 

II 

II 

22 

1 

ALFADT  (10) 

II 

Angle  of  attack  (10)  associated  vith 
drag  coefficient  table 

none 

23 

CDT  (1) 

Drag  coefficient  (l)  associated  vith 
angle  of  attack  table 

degree 

23 

CDT  (2) 

1 

Drag  coefficient  (2)  associated  vith 
angle  of  attack  table 

II 

degree 

23 

1 

CDT  (5) 

it 

it 

24 

CDT  (6) 

If 

24 

CDT  (7) 

f 

II 

II 

24 

1 

CDT  (10) 

II 

Drag  coefficient  (10)  associated  vith 

degree 

angle  of  attack  table 
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FORMAT  FOR  INPUT  DATA 

CARD 

SYMBOL 

DEFINITION  OF  SYMBOL 

UNITS 

25 

ALFAMT 

(1) 

Angle  of  attack  (l)  associated 

none 

with  aero,  moment  coefficient  table 

25 

ALFAMT 

(2) 

Angle  of  attack  (2)  associated 

none 

i 

with  aero,  moment  coefficient  table 

t* 

25 

t 

ALFAMT 

(5) 

It 

ft 

26 

ALFAMT 

(6) 

-I 

26 

ALFAMT 

i 

(7) 

II 

i: 

26 

i 

ALFAMT 

(10) 

it 

Angle  of  attack  (10)  associated 

none 

with  aero,  moment  coefficient  table 

2? 

CMT  (1) 

Aero,  moment  coefficient  (l) 

degrees 

associated  with  angle  of  attack 

table 

27 

CM?  ( 2 ; 

t 

Aero,  moment  coefficient  (2) 

degrees 

i 

associated  with  angle  of  attack 

tl 

table 

27 

i 

CMT  (5) 

1 

If 

II 

2$ 

CMT  (6) 

l 

II 

28 

CMT  (7; 
1 

\ 

i 

II 

If 

28 

> 

CMT  (10) 

II 

Aero,  moment  coefficient  (10) 

degrees 

associated  with  angle  of  attack 

table 

FORMAT  (5E10.4) 
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FORMAT  FOR  BASIC  INPUT  DATA 


CARD 

SYMBOL 

DEFINITION  OF  SYMBOL 

UNITS 

29 

XCG 

Fuselage  station  of  airplane 
center  of  gravity 

f  .  8  . 

29 

ZCG 

Water  line  of  airplane  center 
of  gravity 

W  .  1  . 

29 

XN 

Fuselage  station  of  nose  gear 
axle 

f  .  s . 

29 

ZN 

Waterline  of  nose  gear  axle 
at  zero  stroke 

W.  1  . 

29 

XM 

Fuselage  station  of  main  gear 
axle 

f  .  S  . 

30 

ZM 

Waterline  of  main  gear  axle 
at  zero  stroke 

W  .  1  . 

30 

XB 

Fuselage  station  of  catapult 
"bridle  attachment  point 

f  .  s . 

30 

ZB 

Waterline  of  catapult  bridle 
attachment  point  (at  nose 
gear  stroke  =0  if  applicable) 

V  .  1  . 

30 

XL 

Fuselage  station  of  aerodynamic 
reference  point 

f .  s  . 

30 

RNO 

Nose  gear  undeflected  tire  radius 

in . 

31 

RMO 

Main  gear  undeflected  tire  radius 

in . 

31 

RHO 

Air  density 

6 lugG /f  t^ 

31 

S 

Wing  area 

ft  .2 

31 

CBAR 

Mean  geometric  chord 

ft. 

31 

D12 

Catapult  bridle  length 

ft. 

32 

FC 

Catapult  force  at  stroke  end 

Ids  . 

32 

TR 

Thrust 

lbs . 

32 

W 

Airplane  weight 

lbs  . 

32 

UR 

Coefficient  of  rolling  friction 

none 

32 

TARM 

Thrust  moment  arm  to  c.g. 

(  +  above  c.g.) 

ft. 

33 

XDOT 

Ground  speed 

ft  .  / B6Ca 
Slug-ftT 

33 

APIYY 

Airplane  pitch  moment  of  inertia 
at  c.g. 

33 

SIGT 

Thrust  angle 

degrees 

33 

PNK 

Nose  gear  load  attenuation 
constant 

none 

33 

PMK 

Main  gear  load  attenuation 
constant 

none 
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CARD 

SYMBOL 

FORMAT  FOR  BASIC  INPUT  DATA 

DEFINITION  OF  SYMBOL 

UNITS 

3^ 

PK 

Aerodynamic  pitch  damping 

p 

lb-sec^ 

34 

DELT1 

Time  increment  before  deck, 
edge 

sec 

34 

DELT2 

Time  increment  after  deck 
edge 

sec 

34 

WIND 

Wind  velocity 

f t . /sec 

34 

DEDGE 

Distance  from  catapult  shuttle 
at  end  of  stroke  to  deck  edge 

ft . 

35 

TMAX 

FORMAT 

Maximum  time 

(5E10.4) 

36 

KID 

Control  number;  if  KID = 0  cat 
bridle  attach  point  stationary, 
if  KID  >  0  cat  bridle  attach 
point  moves  with  nose  gear 
stroke 

none 

FORMAT  (13) 
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OUTPUT  DATA 


FORTRAN 

title 

NAME 

NAME 

DEFINITION 

UNITS 

Z 

Z 

c.g.  Height  Above  Deck 

ft 

TH 

THETA 

Airplane  Pitch  Attitude 

degrees 

GAMA 

GAMMA 

Flight  Path  Angle 

degrees 

PM 

PM 

Main  Gear  Load  (One  Gear) 

lbs. 

PN 

PN 

Nose  Gear  Load 

lbs. 

X 

X 

Horizontal  Distance  Traveled 
(x  m  0  at  Catapult  Stroke  End) 

ft 

V 

VEL 

Airspeed 

ft/eec 

T 

TIME 

Time  (t  ■  0  at  Catapult 

Stroke  End) 

sec 

es 

es 


UNCLASSIFIED 
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